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Abstract
Invisible Confidence:
Developing an Innovative Leotard for Urinary and Menstrual Protection
Desiree’ Childers
The focus of this thesis project is to develop a multifaceted study, related to leotards in
competitive gymnastics and dance with regards to design and construction, use of absorbent
fabrics, and product development and marketing. The research for developing this design will
include: the exploration into the anesthetic design of the gymnastics leotard, along with the
mechanical properties of fabric in the area of absorption and durability, as well as how the
construction might affect these aspects, and will explore the steps towards the development and
marketing of these garments with regards to the creation of a brand.
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INTRODUCTION
In the fall of 2020 during my mid semester portfolio review I was informed I would not
be designing a show for my thesis and instead I would be working on a thesis with the fashion
department. It was suggested during that review that I take an independent study in the fashion
department. In December of 2020 I met with Dr. Debanjan Das over zoom to discuss my interest
and goals in fashion. We arranged to meet weekly in the spring of 2021 and thus began my
journey into the fashion world.

Thesis Development
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The advent of this design concept is a result of doing an independent study that covered
an intro to fashion and production in the fashion department during the spring of 2021. My
professor, Dr. Debanjan Das arranged for meetings with Dr. Angela Uriyo and Craig Nelson in
the fashion department to discuss how to develop a brand of gymnastic leotards. It was during
my meeting with Dr. Uriyo, she asked me why would people buy the leotards that I designed as I
mentioned it had always been a goal of mine to one day have a line of leotards. What problem
was I going to solve with this product that would make me stand out from all the rest? I briefly
thought for a moment and then informed Dr. Uriyo that a reoccurring issue that I have observed
was little girls having urinary mishaps during gymnastics practice and competitions as well as
older girls experiencing accidents with their menstrual cycle and incontinent issues. I had two
incidents that impacted my decision to pursue a leotard design that would help young girls to
prevent accidents during gymnastics practice as well as competitions. During practice one day
my young coworker came to me because a younger athlete had an incontinent episode and she
didn’t know how to handle the situation. I quickly ushered the athlete into the office in search of
the spare leotard bin. To my surprise our gym did not have one. I called the young girl’s mother
and asked if she wanted me to charge one to her account and she declined and said she would
come right away with a clean outfit for her daughter. Similarly, during another scheduled
practice, the girls were performing their floor routines and one of the young girls that was
practicing her routine and did a fan kick which is a dance skill that was in her routine. I realized
at that moment she was on her menstrual cycle. I quickly pulled her aside to tell her what I had
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noticed and she said she had some shorts in her bag that she could put on and continued with the
practice. While these two incidents occurred at separate times at G-Force Gymnastics this is
something that has happened at every gym, I have worked at over the past twenty years. I have
also had coaching peers share stories about having to wear a white leotard while on their
menstrual cycle for competitions and the amount of pressure that is added by having to worry
about an accident during a competition or performance.
It was at this moment I realized what I wanted to design for my thesis project. I want to
provide a leotard for these young ladies that will help to prevent accidents from occurring
whether they are competing or just practicing. It also quickly became a dream to create my own
company with this design. I called the gym mother of the child who experienced the issue with
an incontinent episode and nervously began to discuss my idea with her. I remember feeling
concerned that Mindy Worley would think I was being insensitive, but to my surprise she loved
the idea and began talking about how she shops for leotards and what she is looking for to make
life less stressful for her daughter when she is practicing as well as competing. I mentioned I
wasn’t sure how I would market such a product, as I myself am quite a prude when it comes to
such subject matter. Mindy stated that if there was an absorbent leotard available, she would
certainly be interested in purchasing one. Mindy also informed me that she always reads the
descriptions on the labels and that she would definitely buy a couple of leotards for her daughter
to have when she was dealing with an incontinent episode but she would not solely purchase
absorbent leotards.
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Further research led me to discover postpartum underwear which reminded me of all the
mothers I have co-coached with over the years and every time they jumped on a trampoline they
would come and ask another coach to check if they leaked urine on their yoga pants. This
inspired me to consider creating yoga pants, cheer shorts, dance tights, rhythmic leotards and so
many more possibilities for all these products. All women at some time or another deal with the
embarrassment of having an accident whether it is related to their menstrual cycle or as a result
of parturition. This product would help to alleviate some of these struggles and fears.
Having an extensive background in gymnastics and cheer I know quite well the issues
young girls experience in these sports. I have been coaching the sport of gymnastics for the past
twenty-three years. As a coach I have taught preschool, recreational classes, tumbling,
cheerleading, pre-team, compulsory team, optional team, as well as lower-level competitive
programs such as Xcel and IGC and also worked as a gymnastics and cheerleading
choreographer. I have had the opportunity to work as a coach in the Talent Opportunity Program
and taken gymnasts who qualified and were invited to developmental camps at the former
Olympic Training Center in Houston Texas, known as Koryoli’s Ranch. I had the opportunity to
work with the Olympic Staff and team coaches. My years of coaching have also paired me with
former Olympic gymnasts and national team members as well as some of the best coaches in the
United States and Canada. Prior to my coaching experience, I also trained in cheerleading and
gymnastics from the ages of five to seventeen at which point I began my coaching career.

Athletic Incontinence
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There are many obstacles that athletes face on a daily basis when getting ready for
practice as well as competitions. Female athletes face numerous obstacles related to being a
woman. Female athletes face having their monthly menstrual cycle that can occur during practice
or competitions but they also face urinary incontinence issues when training and competing. This
can make it difficult to perform in competitions or train in practice. This is a subject that is not
discussed very much in the world of competition and these individuals are left to deal with the
issue alone and sometimes they choose to leave the sport related to the embarrassment of urinary
incontinence. The following studies reveal that there are many competitors suffering from
urinary incontinence and do not have all the tools necessary to compete successfully despite this
condition.
To begin to understand the many issues young girls as well as women of all ages deal
with in relation to medical concerns when performing gymnastics or simple exercise routines
you have to ask some personal questions. The major complaint discussed among these
individuals was urinary incontinence. According to Gram & Bo urinary incontinence is defined
as any complaint of leakage of urine, while stress incontinence is the most prevalent form of
urinary incontinence in the female population and is termed as the involuntary loss of urine
(159). Often during a gymnastics performance, the individual performs various types of routines
that include using upbeat music with high jumps, turns, splits, tumbling and various other moves
that can be extremely harsh on the body's internal organs especially in the pelvic area. The
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female population faces many risk factors for urinary incontinence related to pregnancy
particularly vaginal births, pelvic surgery, obesity as well as age (160).
The authors also suggested that some athletes openly reported the negative impact of
urinary incontinence and some individuals quit competing related to the medical issues of
incontinence. The studies revealed that the athletes do not always report these concerns to their
coaches or medical personnel because the athletes are not well versed in the possibility of having
to leave the sport because of pelvic dysfunction (160). Gram & Bo were investigating the
prevalence and risk favors for urinary incontinence as well as the impact of urinary incontinence
of athletes during performances (160). The study included one hundred and seven nulliparous
gymnasts affiliated with twenty-one sports clubs using questionnaires (161). The average age
was fourteen and one-half years but the age ranges included twelve to twenty-one years. The
study also included the participants body mass index as well as the years enrolled in rhythmic
gymnastics. The study also included the number of hours practiced weekly along with whether or
not the participants had started their menstrual cycle (161).
Within the study thirty-four participants experienced urinary incontinence, mixed
incontinence and leakage with no apparent cause. The number of participants that reported a
small amount of leakage during performance was at eighty-eight percent (161). When discussing
the effect, the leakage for the gymnast twenty-four of the thirty-four reported the urinary
incontinence had some influence on their performance. Ten of the individuals reported a fear of
visible leakage and were fearful they would experience it again in competition (161).
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In this study Gram & Bo stated that the prevalence of urinary incontinence among
rhythmic gymnasts was within range of prevalence’s found in other sports, but the authors also
stipulated that this is the first study conducted on rhythmic gymnasts (162). The study also
revealed that the prevalence was higher in the rhythmic gymnasts but that it was also expected
related to the floor exercises they compete in as well as the acrobatic elements of the sport that
included double somersaults. The study indicated the leakage occurs throughout the performance
and not specifically the landing phase of the sport (162).
Throughout the study the authors stated that statically there were no significant factors to
explain the chance of experiencing an episode of urinary incontinence. Not all the gymnasts
reported experiencing any urinary incontinence during their performance or in their daily
routines but visible leakage was the one issue that caused the most concern (162). There was
additional information provided in the study that included the increased risk of urinary
incontinence years after non-participation in the sport. The discussion also included the issue of
treatment and prevention of further development of urinary incontinence in athletes. The authors
stated this should be a number one priority for coaches and health professionals (163). The
presented strengths of the study were seen in the use of reliable and valid instruments used to
measure the incidence of urinary incontinence as well as discussing the risk factors. The
limitations were noted to be the size of the sample as well as not asking for more information
to include in the study (164).
The topic of urinary incontinence and the individuals this condition can affect is an
extremely difficult topic to discuss because it can be very embarrassing for the individual
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suffering from urinary incontinence. For many years incontinence was believed to occur in older
men and women due to medical conditions such as overactive bladder, multiple pregnancies or
prostate issues in men. Courtney Harms wrote an article for Des Moines University of Medicine
and Health Science that revealed sixty-one percent of teenage gymnasts dealt with urinary
incontinence but it was really considered stress urinary incontinence that has been defined as the
leakage of urine when performing high impact sports. It was also disclosed that many at athletes
do not discuss this issue related to insensitivity regarding the subject so they simply chose not to
discuss their symptoms with anyone.
According to Harms there are numerous theories regarding the cause of stress urinary
incontinence. The athletes that are participating in high impact competitions have a higher
prevalence of stress urinary incontinence than the athletes in low impact sports. The reasons for
stress urinary incontinence is attributed to the intense forces of jumping, lifts, flips and landing
on the ground harder than low impact sports. Harm went onto explain that during the landing in
high impact sports it creates a downward pressure and if the pelvic floor is not strong and the
possibility of experiencing a urinary incontinence episode is greatly increased.
Another aspect in this article related to urinary incontinence in young athletes was
referred to as the "female athlete triad". This can occur as a result of low mass body index,
menstrual cycle being abnormally or absent and low bone density. The main attraction of this
article was the use of physical therapy to assist with the prevention and treatment of urinary
incontinence. This concept includes educating athletes on proper landing techniques to help
strengthen the pelvic floor as well as avoiding the pressure points when landing during

9!
competitions and practice. This training can be accomplished in private to avoid embarrassment
for the young athlete. The low cost is another added component since this allows the athlete to
benefit from therapy and hopefully prevent urinary incontinence from occurring.
An article in the International Urogynecology Journal on urinary incontinence written by
Skaug, Eng, Fawely, & Bo states there are many factors leading to the cause of urinary
incontinence. Researchers have included the same information in their definitions of urinary
incontinence but the authors of this study included sneezing and coughing in their definition and
further stipulated that stress urinary incontinence is often a concern to women when they
exercise and compete in athletic competition (955). The study included more information related
to the function of the pelvic floor which is to provide support to the pelvic organs that include the
bladder, urethra, vagina, uterus, and rectum. The job of the pelvic floor is to counteract the
increase in pressure in the abdominal area that occurs with exercise, gymnastics and cheerleading
(955). It is clear that due to the jumps, flips and tumbling involved in these sports the athlete
needs well-functioning pelvic floor muscles to help avoid urinary incontinence during
competitions and practice. This was the main focus for the aim of this study to better understand
the prevalence and risk factors for urinary incontinence in high performance gymnastic athletes
(956).
In the study conducted by Skaug, Engh, Fawely & Bo the research revolved around the
overall functioning of the pelvic floor to help prevent urinary incontinence during sporting
activities. The study also included anal incontinence but for the purpose of this paper it will not
be included in the findings. The goal of the research was to determine the prevalence and risk
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factors of urinary incontinence in female artistic gymnasts and cheerleaders. The influence of
these conditions in daily living as well as knowledge regarding pelvic floor function were also
researched. The ages were twelve and older and involved in national artistic gymnastics and
cheerleading during 2018 and 2019 (956).
Questionnaires were used to obtain information on urinary incontinence. There were
three hundred nineteen participants that were involved in gymnastics and cheerleading. The
questionnaire included questions regarding leakage, body mass index, training, frequency,
competition levels, years of specialization, urinary tract infections and the risk of female athlete
triad. Also included were chronic health problems, surgeries and straining to empty the bladder.
Questions regarding the effects urinary incontinence had on daily life and knowledge about
pelvis floor muscles were included (956).
The results of the study included one hundred seven athletes reporting urinary
incontinence at least once a week. While sixty-five stated they experienced urinary incontinence
two to three times a week and fourteen experienced urinary incontinence once a day and sixteen
stated urinary incontinence occurred several times a day and three reported urinary incontinence
all the time (958). Many of the athletes reported leakage during training for a total of ninetyeight percent, while forty-four percent reported urinary incontinence during competitions. Also
included in the results were twenty-two percent that avoided certain exercises to prevent urinary
incontinence. At least twenty-six percent never discussed this issue with anyone and six-and onehalf percent discussed the issue with their coach and the remaining six percent spoke to their
healthcare provider regarding the issue (958).
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The results of the study revealed a high prevalence of urinary incontinence, at least sixtyseven percent of the gymnasts and cheerleaders. Most of the athletes with stress urinary
incontinence reported that leakage negatively influenced sport performance. The training
frequency, age and straining to void as well as type of sport (artistic and team gymnastics) were
specifically associated with stress urinary incontinence among with years of participation (959).
The authors stated that the older gymnasts ages sixteen and seventeen with higher levels
of training, increased weight and hormonal changes may be more closely associated with stress
urinary incontinence. The training for the gymnasts may also add to the increase in stress urinary
incontinence but needs to have further research completed to support this statement. The authors
stated that pelvic floor muscle training was shown to be effective in treating urinary incontinence
and is highly recommended as a first line treatment (961).
The strengths of the study included top level athletes from different high impact
gymnastics, assessment of possible risk factors and knowledge of pelvic floor muscles. The
limitations were the low response rates and possible selection bias and sent in reported measures.
The authors recommend further research to treat and prevent pelvic floor dysfunction in athletes
by using pelvic floor muscle training (963).
Following the research that was conducted related to urinary incontinence it is apparent
that very little is discussed in the world of competition related to this condition. These athletes
are left to fend for themselves and develop a plan to either continue to participate in the sport or
walk away due to the embarrassment of urinary incontinence. As discussed in this paper there is
a lack of knowledge on how to prevent leakage during competition and practice, basically
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because these athletes do not know how to approach the subject with their coach or healthcare
provider. Many are not aware that there are individuals trained to help them overcome urinary
incontinence or be provided with the proper equipment to help them be better prepared to
perform with confidence related to wearing the proper attire that helps prevent the leakage from
showing on the costumes before, during or after a performance.
Over the course of time there have been many changes to the fabrics used to create
clothing, costumes and footwear. Within the creation of undergarments there have been
numerous changes to the undergarments worn by women. The changes have been created in the
design as well as the fabric and the reason for the garment. In the past few years we have seen
changes in women's underwear that now includes the ability to provide protection when a
woman has her monthly menstrual cycle or in dealing with urinary incontinence. This type of
underwear was embraced by women of all ages. Women finally had a product that was beneficial
and easy to utilize. This product resulted in controversy related to the materials being used in the
underwear.
According to Brennan, Evan, Fritz, Peak and Holst, a product containing has been used in
products for many decades in industrial consumer products (3). The components have been
found to be toxic to humans as well as animals. In the early 2000's changes were made to
policies and regulations to reduce the use of PFAS in the environment as well as the exposure to
the chemicals. The study included the research challenges of implementing PFAS regulation. The
study revealed that there was a regulatory need for monitoring PFAS. Several states revealed
there was a lack of regulatory action. The concern some states such as California, Michigan and
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Ohio were in the use of materials causing exposure to toxins as well as disposing of the toxic
material (12). There has also been an increase in the potential danger of exposure to this toxic
material and many communities are aware of the dangers associated with PFAS. The economic
issue is one of expense and the best way to determine the levels of this material in the water, air
and clothing. This is what has the communities so upset. They know the exposure is real but
nothing is being done to correct the issue (12).
The authors stated that there was compelling evidence linking PFAS to adverse health
outcomes and that it was very important moving forward with regulating PFAS. The legislation
that was reviewed supported the fact that PFAS are toxic at low levels and can cause cancer and
other health issues including kidney cancer, testicular cancer, thyroid issues and complications of
pregnancy (14). Along with the economic challenges and scientific evidence presented to the
various groups to take to legislation, the practical challenges to implement polices and
regulations is phenomenal. The chance that cross contamination occurs is high related to the
materials used as well as the individuals collecting the data. This results in varying opinions on
both sides of the issue and wanting to move slowly to make changes without having proper
scientific data (17).
An article in Universal Hub by Adam Gaffin, women discovered that the Thinx period
underwear contained silver nanoparticles and a possible harmful class chemicals known at PFAS.
These women were led to believe that the underwear was one hundred percent organ safe as an
alternative to tampons. Two of these women that purchased the underwear are seeking a class
action suit against Thinx for residents of Massachusetts who purchased their product. Within the
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suit the plaintiffs claim that the silver nanoparticles used by Thinx is used to kill bacteria but is
not released out of the underwear. The plaintiffs claim that the silver nanoparticles migrate into
the vagina creating potential health issues. It was also reported that the underwear these women
purchased was sent off for testing and more than trace amounts of PFAS was in the garments. It
was further determined that one of the plaintiffs was diagnosed with multiple infections after
using the Thinx brand of underwear containing silver nanoparticles.
Jessica Choy a writer for the Sierra Club Blog did an article on a the website Mamavation
and discussed a study done by Notre Dame, where Thinx was found to contain PFAS known as
polyfluoroalkyl substances that have been linked to reproductive issues such as cancers, and
endocrine problems. PFAS can be found in non-stick pans, fast food wrappers, and many more
products. PFAS are also known as the “forever chemical”. Other brands such as Salt’s use
fluorine to treat their products, another clear indication of PFAS being used in a natural product.

Competitor Products
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In my research of period underwear and incontinent issues related to sports, the world of
period underwear which is a model of inspiration for this project there are copious products on
the market for individuals to purchase. Some underwear include a reusable or disposable pad.
Other pairs are actually disposable underwear which seem to be a more sophisticated version of
maternity underwear, and reusable underwear with the moisture wicking fabric and absorbing
fabric. During the course of last year, I purchased a variety of these products which was quite
costly with most pairs in the price range of approximately $50.00 and up.
An article written by Emma Seymour in Good Housekeeping, they find a mixture of
Knix, Thinx, Tomboy Aerie and Salt to be among the best to test in lab results. It is worth noting
that these brands do come in a variety of cuts and the underwear chosen by these companies
appear to be styles that offer more coverage as opposed to a cheeky or thong style underwear. I
purchased Thinx, Ruby Love, Dear Kate and a generic brand produced by Amazon, as well as a
pair of Victoria’s Secret product to review the construction. From a construction standpoint I
believe the Thinx brand offers the smoothest lines in terms of invisibility, but the Ruby Love
seems to offer more protection though they are not as sleek, but is still less visible than Victoria’s
Secret. I would like to note that I stepped away from my research over the summer and in those
couple of months Thinx as well as many other companies had begun to offer workout shorts and
yoga pants which was a product they did not offer in the spring of 2022. Ruby Love recently
added two gymnastics leotards to their collection, though the style is basic and bland. I ordered
the leotard, and was curious to see how it was constructed. Even though Ruby Love is a product
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that I have previously purchased, so I do have a general idea of the basic construction for this
brand. When the leotard arrived, I was immediately relieved as the construction and design did
not appear to be well thought out. On the inside is a pair of Ruby Love underwear that loosely is
attached to the side seams of the leotard. The underwear simply floats around inside of the
leotard and I would expect bunching to occur at some point for the individual during practice. I
could also imagine the lining slipping out from the leotard at times.
I do plan to have a textile analysis done and want to test Thinx, Ruby Love, and
Victoria’s Secret. The cost is about $800 per article of fabric so it is something I am currently
saving for. I should also mention in the textile composition there will be testing to determine the
make of the fabric and what chemicals the fabric has been treated with to prevent odors or seal in
moisture. I know that the Thinx brand is composed of two moisture wicking layers, to keep
customers feeling dry using modal jersey fabric, something I discovered from a former employee
of the company, but they are very protective of the composition of what the absorbent layer
consists of. I am not sure if this is a trade secret or because the company has come under scrutiny
for the materials not being as safe as they claim to be.
The majority of the brands I mentioned do give a comparison for how many tampons
worth of fluid they absorb, mostly ranging from one-two tampons, but Period brand claims to
absorb nine to ten tampons or five pads worth of fluid. There were also no traces of PFAS found
in this product and they only run $12 a pair as opposed to other brands that can run upwards of
$50 dollars a pair. Having not purchased this brand I do feel compelled to buy a pair to see how
they are constructed and how they look and feel when used by females. Considering the fact that
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my leotard brand is not designed to be worn as underwear I want to eliminate as much bulk as
possible and still feel confident that my products will have the ability to prevent accidents.
Another lesser-known brand in my opinion, is ModiBodi which claims to absorb up to
four tampons worth of fluid and no PFAS were found to be present in this product. Information
on One Period Co.’s website under the frequently asked questions raised the issue of smell
associated with these products. They stated that “Some brands use sprays and finishes in their
fabrics to control smell, but these chemicals contain heavy metals we're just not sure about. Until
the anti-microbial technology has a natural alternative that's seriously non-toxic, we're going to
sit that option out when constructing our product. Fresh period blood doesn’t have a scent that
carries. You might smell it on yourself, but think about it - have you ever smelt somebody else’s
blood?” Having attended a Catholic all-girls school, I can tell you those smells do exists and the
bathrooms sometimes reeked of period odors. These young girls are already self-conscious so
working to make them more comfortable is a key factor for me. This is why I feel the need for
some sort of treatment on the product, but it is necessary to make it safe for consumers so I feel
more research needs to be performed to choose how to move forward with this aspect of the
product.
The next step was to research and create a prototype. After ordering a wide range of
period underwear I discovered there were so many different styles that dealt with different flows
to the general construction of the underwear. The brands I purchased included Thinx, Ruby Love,
Victoria’s Secret and a brand from Amazon. Of all the girlfriends, coworkers and women I have
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spoken with about this idea, I notice that especially with the younger generation they stated they
purchase the Victoria’s Secret underwear brand (SeeFig. 1).

The pair of underwear I purchased from Victoria’s
Secret seemed bulky and quite noticeable yet flimsy leaving
me wondering what degree of absorbency the product could

Fig. 1 Victoria’s Secret Underwear

provide. I purchased a brand of underwear from Amazon (See Fig. 2) that appeared to be
designed for lighter flow days, but I still found them to be questionable in their ability to absorb
fluids. Thinx brand (See Fig. 3), which is considered the best in period underwear is one of the
more popular brands in the realm of online only products on the market. Their period underwear
provides for lightweight to extra heavy flow days as well as a leotard (that is more of a bodysuit).
Ruby Love brand (See Fig. 4) comes with a reusable pad that is enclosed with a mesh netting
with a cutout for a reusable pad or regular pad.

Fig. 2 Amazon Underwear

Fig. 3 Thinx Underwear

Fig. 4 Ruby Love Underwear
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After talking to another gym mom whose daughter uses the Ruby Love underwear, she
said her daughter does not use the reusable pad because the padding provided in the underwear
provides enough protection without needing a disposable or reusable pad. I began thinking about
offering different styles of period leotards, that could be incorporated so customers could
purchase the Thinx style or a style such as Ruby Love. With this in mind I chose the following
two types of designs previously mentioned while creating these leotards.
The aesthetic properties I want to achieve with my designs are that the lining not be too
bulky and to allow for freedom of movement based on the design and the material used to
construct these leotards. Ultimately, freedom of movement was the driving force behind the
design as well as providing the most protection to avoid embarrassing accidents during a
performance. Many girls come into the gym wearing various styles of leotards and the coaches
are able to identify the brand without looking at the label. They are able to identify whether or
not it is a competitive leotard, practice leotard, swimsuit or a dancer leotard simply by the cut
and the fabric used in the outfit.
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Competitor Testing, Prototyping, Fabric Research

When developing my own prototype, as previously mentioned I used a modal jersey knit
fabric for the two moisture wicking layers and a polyurethane mattress cover for my absorbent
layer and a decorative layer on top. Having dissected several pairs of these underwear, I can most
closely compare the absorbent layer to a mattress sheet used for a baby crib as they are absorbent
and offer a four way stretch to fit around the bed. I ordered some black modal jersey fabric
online and purchased a mattress protector to use for my prototypes for the time being.
I placed the mattress cover top towards the modal fabric as that would be the layer closet
to the body on the mattress. I stitched and serged all four layer together and placed 10 milliliters
of fluids on the prototype and it floated on the fabric for five minutes at which point I rubbed the
water in as there is going to be some natural pressure from the underwear stretching across the
body creating movement for the fluids (See Fig. 5). Everything seemed to be going well, but
after ten minutes I noticed some of the fluids had leaked through. Though minimal it was still
apparent on close inspection (See Fig. 6). Given that this product will be worn with no clothes
covering it, it is imperative that accidents not happen. With that I would like to note that I want
to market my product as something to be used with feminine products as even those can leak, so
my product will serve as extra protection.

Fig. 5 Fluids Floating

Fig. 6 Fluid Leakage
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In competitor testing, I compared three brands. I chose to exclude Ruby Love because
they have a padded underwear with a mesh casing that holds a reusable or disposable pad and
that is not the style I ultimately decided to use. My first pair that I tested was an Amazon brand.
In my exuberance to test my first pair I used a third cup of water and I now know that’s too
much. In terms of fabric consistency the Amazon brand is most similar to the Thinx brand for
lighter flow days in terms of thickness. For the remainder of the tests, I used ten milliliters of
fluid. The Thinx pair for lightest and moderate days also created a similar pool of fluids (See Fig.
7). I did not test the heavy and super absorbent as I felt I had enough information on the first two
pairs. I did test the Thinx bodysuit to observe the absorption rate and it
immediately absorbed the fluids which I expected given consistency
and feel of the fabric. I think it is worth mentioning the Thinx body suit
like Victoria’s Secret pair are both bulky in appearance of the garment.
My last pair was Victoria’s Secret and there were no leaks with the ten
milliliters of fluid.
Fig. 7 Thinx Fluid Pool

I would like to note the absorbent layer in Thinx is lighter than the mattress cover that I
chose. As previously mentioned, when funding is available I would like to do a textile analysis to
determine what the Thinx brand is made and treated with as they are one of the more
aesthetically pleasing styles for what I am developing. I am curious to see if the reason their
lighter weight absorbent layer works, is because it is treated with chemicals to seal the fabric and
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prevent odors or if it is the fabric itself that absorbs fluids. Will other polyurethane fabrics
provide the absorbency I need or is chemical treatment necessary? I think these questions will be
answered with the textile composition testing and allow for better prototype development in the
future. I am also currently working with WVU’s Launch Lab to obtain funding for manufacturing
and we are researching any patents that exist for these brands. Between patents and textile testing
I think the future should allow for better prototypes and a sustainable product.
In my research I feel there is evidence to support a product like period garments for
athletes and we also see the need for a wide variety of these products. The main focus so far has
been in creating underwear that provides protection related to incontinence as well as protection
from accidents when women are on their menstrual cycle. Some of the companies have begun to
branch out and incorporate other garments designed to protect women of all ages from the
embarrassing accidents previously mentioned.
The idea and goal for my specific product is to provide a leotard for gymnasts that has
absorbent padding built in the leotard so that the athletes have protection on any given day of
their menstrual cycle and will be able to use the product for incontinence issues as well. The
leotards will also be available without the absorption protection layer. This allows the gymnasts
to wear my designs every day of the month and not just specifically for incontinent episodes or
menstrual cycle issues.
The materials that will be used in the construction of these leotards will consist of four
layers involving three types of fabric. The first two layers will be the moisture wicking layers
followed by a stretchable polyurethane layer and the final layer will be the decorative layer of
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fabric. It is important to include all four layers to provide the best possible protection to women
no matter the reason they have chosen to wear the leotard. The amount of protection provided
will also vary related to the specific needs of the individual wearing the leotard. The goal is to
provide the maximum amount of protection with least amount of bulk to provide the most
comfort. The greatest benefit to be achieved when wearing this leotard is from the moisture
wicking layer because it removes the moisture away from the skin providing the most comfort
possible. The waterproof layer is designed to prevent accidents from occurring.
It is important to note that not only can this idea allow athletes as well as all women who
enjoy exercising maintain a sense of dignity through any incontinence issues or monthly
menstrual cycles. This concept can also be expanded to assist children in potty training because
many children begin participating in sports at an early age and sometimes, they experience
mishaps during practice. This will allow the children to continue participating in practice and
possibly help prevent a melt-down related to the accident. There are so many individuals dealing
with the pressures of performance anxiety related to incontinence or accidents from their
menstrual cycle and my goal is to provide a product that will help alleviate this stress.

Laundry
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Researching the best way to wash these items can be an overwhelming search since it
would appear we only get bits and pieces of information regarding this issue so a quick search on
Google, will tell you to rinse then either hand wash or wash on the gentle cycle in cold water to
prevent stains. For these young girls dealing with stains on their underwear as well as clothing
can be overwhelming as well as embarrassing to them. My hope for this product would be that
visible stains won’t be an issue, as the lining will be made of black modal fabric. As somewhat of
a laundry snob, I wash most things on the cold cycle and dry very few items in the dryer since I
prefer to air dry most of my clothes to preserve the shape as well as the color. With this in mind I
am always shocked at the number of women that tend to place their daughters’ leotards in the
dryer. My goal would be to educate these young ladies on the best way to launder my product. I
would suggest to my customers to first rinse the leotard with cold water and then hand wash the
item or wash in the washer on the gentle cycle or even the regular cycle but to use a lingerie bag.
The plan at this point is to include a lingerie bag with the sale of my product. In reference to
competitors, Thinx website instructs consumers to wash the item in cold water on the gentle
cycle and not use bleach or fabric softener in the wash and to hang dry the item. On the Period
Co. website it says to simply rinse them and put in laundry bag until you wash or just hand wash
them, but gives no instructions in terms of what cycle or how to dry them. Since there are so
many differing views on how to launder these items, I want to be able to provide clear directions
so that any member of the family can safely clean these items when placing them in the wash.

Design Concept
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Once I had developed a concept for construction of the brand, it was time to come up
with a design concept for my first line of leotards. As I began to consider a theme for the line, I
briefly considered Greek mythology because I thought it had the potential to be dark and I enjoy
dark topics. At no point did I research any Greek mythology as it was a topic I considered but
never explored. During my next meeting with Dr. Uriyo I briefly mentioned Greek mythology,
but then she shared some different examples of how to make a cohesive line and one example
was inspired by beetle brooch. In that moment I decided butterflies would be a better choice and
the theme of Greek mythology was dropped. I felt I could create leotards that have a flowy feel
much like a butterfly, as well as some monarch butterfly inspired prints for the pieces. Since this
was not for a dance production there would be no music or choreography to help inspire or
develop the pieces and in gymnastics this is not something considered when selecting a
competition leotard as leotards are considered a uniform not a costume. Every athlete on a team
will have the same leotard regardless of their music, style of dance, and level, though exceptions
have been made when a child joins a team mid-season and they are given a stock leotard in the
team colors. For me the butterfly theme served as a way to guide me as I knew I had could make
a cohesive line while justifying design choices that included a theme. I understand in theatre
there are production meetings with light, set and costume designers as well as the director and
multiple topics are explored, but those types of meetings never occurred. I found a theme to
guide me in this process and went with it. For me the main focus when I decided on a fashion
concept was the utility of this leotard, the butterfly theme was secondary.
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Though my theme for these pieces was butterflies and there are illusions of butterflies
throughout the pieces I was not overly focused on this concept as I was primarily focused on
creating an absorbent leotard that would allow for the period inserts. I only focused on monarch
butterflies as I have always been drawn to that specific butterfly species. Outside of the designs I
did not do any working drawings as I would be the only one constructing the pieces, and it was
pretty straightforward with regards to the construction. Using a zigzag stitch, I would assemble
the leotards and the serge the elastic into the leg holes and would then twin stitch the leg holes
down. Also, when a costume graduate student designs for a show they also do not do all the
builds, so I feel that workload was supplemented in me doing all the construction for designs.
I did develop an inspiration board that would guide my designs (See Fig. 8). Though my
theme for these pieces is constructed with the feel of butterflies and there are illusions of
butterflies throughout the pieces, I was not overly focused on the concepts as I was primarily
focused on creating an absorbent leotard that would allow for the period inserts.

Fig. 8 Inspiration Board
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I designed ten different pieces for my collection with some designs being for dance and the
remaining designs for gymnastics. In gymnastics you simply have practice and competition
leotards, while dancers may wear practice leotards and use costumes or leotards for competitions
as well as performances. One piece I created was a transforming dance costume which is a trend
that I have seen on YouTube in dance competitions and figure skating, though mostly figure
skating. Some of the design process involved creating the piece without any particular spandex
fabric in mind and other pieces I designed around the fabric I found while purchasing materials
for this project. I also knew I wanted a mixture of dance costumes as well as gymnastics leotards.
I wanted my absorbent concept to be used in all forms of competition that young girls are
required to wear leotards as part of their costume or uniform when competing.
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Renderings
Callie

For Callie’s first leotard design I focused on a design that would allow for a brief cut so
the transition between the period underwear to the rest of the leotard would be a natural look
(See Figs. 9 &10). My second focus was on the butterfly concept. I thought adding a pink chiffon
overlay would be reminiscent of a butterfly flying (See Fig.11). I thought by finishing it with a
rolled hem it would create a nice curvature that would look like the curves on a butterfly’s wings.
By using a blue spandex on the briefs I thought it would complement the blue hints in the
digitally printed pink and blue fabric.

Fig. 10 Transition of Leotard

Fig. 9 Leotard Design

Fig. 11 Butterfly Flying
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For Callie’s second piece I drew inspiration from the butterfly tops from the nineties that
were quite popular (See Fig. 12). For this piece I again went with a two-piece design because of
the top I chose to model it after (See Fig. 13). Yet again, I wanted a chiffon skirt that would flow
with the scalloped edges that would be created from a rolled hem (See Fig. 14 & 15). Also, I was
not happy with how the gathered skirt on Elizabeth’s piece turned out. I wanted to attempt this
look again with Callie, but instead decided to stitch the gathered skirt inside of the brief so the
gathers aren’t seen. By creating the two pieces it would automatically allow for a brief that
would make for an easy application of
the period structure.

Fig. 12 Butterfly Top

Fig. 13 Two Piece Design

Figure 14. Chiffon
Skirt

Fig. 15 Chiffon
Skirt
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For Callie’s third design I chose a pair of shorts and I wanted to go with a velvet fabric
that is reminiscent of a monarch butterfly design (See Fig. 16). As I have previously mentioned
the idea was to work on developing a product for distribution and doing another pair of shorts.
This time I chose to experiment with velvet fabric as that is a fabric often used in gymnastics
leotards and shorts. The print on the velvet fabric reminded me of monarch butterfly wings but
on a smaller scale. I added a symmetrically draped skirt in the front and back portion of the
shorts to add a softer and more graceful feel,
though the skirt was ultimately cut at a later
date (See Fig. 17). I did an asymmetrical
neckline to create the uneven feel of the
butterfly wings because in a butterfly the top
wing is larger than the bottom wing (See Fig.
18).

Fig. 16 Monarch Butterfly Design

Fig. 17 Draped Skirt

Fig. 18 Asymmetrical Neckline
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For Callie’s last design with the butterfly print fabric I was not sure what to do as the
print was larger than I anticipated. I felt if I tried to do anything with lines or creating a sports bra
the print would be lost when I cut the fabric. Instead I chose to do a style originated with Plum
(though I have seen others brands use this style). Plum will use a print in the back and the front
will be a solid color that compliments the print (See Fig. 19). I chose to
put the butterfly fabric on the front and the solid fabric on the back
(See Fig. 20). This cut also allowed me to experiment with inserting a
brief into the leotard during the construction phase.

Fig. 19 Plum Leotard.

Fig. 20 Butterfly Fabric & Solid Fabric Design
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Gaby
For Gaby’s purple leotard design, I chose a racerback style thinking that would give the
illusion of butterfly wings on the back of the leotard (See Fig. 21). Though not intended, I felt a
happy accident occurred when dying her fabric as it reminded me of the coloring on a monarch
butterfly because the wings often have different shades much like the fabric I created (See Fig.
22). Since I used the Ruby Love underwear for this prototype I was less concerned about
creating a brief cut as the seams on this style hit in the crotch and the focus of the butterfly was
included in the racer back (See Fig. 23).

Fig. 22 Dyed Fabric

Fig. 21 Racerback Style Leotard

Fig. 23 Racerback Leotard
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Elizabeth
For Elizabeth’s piece I began with the emphasis being on a brief cut (See Fig. 24). Since
this was a dance piece as well, I went with a two piece ensemble. And this piece was designed
around a digitally printed fabric so I decided the butterfly inspiration for this one would be in the
skirt (See Fig. 25 & 26). Again, I was going for that flow I did with Callie’s piece. I also decided
to scallop the back of the top to in order to recreate that curvature on butterfly wings (See Fig.
27) .

Fig. 25 Digital Fabric

Fig. 26 Skirt
Fig. 24 Elizabeth’s Piece

Fig. 27 Scalloped Top
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Aubrey
Aubrey’s first design was another piece designed around the fabric (See Fig. 28). I found
a floral embroidered fabric and though not directly related to any butterfly shape or coloring, in
my mind there was enough of a correlation between butterflies and flowers and the skirt would
provide a nice bit of flow as well (see Fig. 29). Though the design originally had sleeves, the
floral netting that I ordered did not have a four way stretch as was mentioned in the description,
though there was a minimal amount of stretch, so I cut the sleeves and just used the fabric for the
skirt (See Fig. 30). I want to mention that at
all the of the gyms I have worked at over the
past twenty plus years, cutouts are quite
popular among the girls, so I thought that
would help create an easy transition to the
brief so I included a cutout in the piece (See
Fig. 31&32).

Fig. 29 Aubrey’s Design

Fig. 28 Floral Fabric

Fig. 30 Sleeve Research

Fig. 31 Cutout Reference

Fig. 32 Brief Reference
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Aubrey
Again, Aubrey’s next leotard was designed around this pink sequin sparkle fabric I found.
(See Fig. 33). I really liked the look of Callie’s original piece where the overlay gave that feel of
a butterfly flying and then I chose an asymmetrical neck line (See Fig. 34). Also, this would save
on costs being able to use some of the chiffon I had left over as well as the pink spandex from
Callie’s previous pieces. By using the solid pink for the brief that complimented the sparkle pink
spandex this would again allow me to create a naturally occurring cut brief to insert the period
components.

Fig. 33 Pink
Sparkle fabric

Fig. 34 Pink Sparkle Rendering
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For Aubrey’s next piece I decided to use some of the fabric from Gaby’s purple piece
since the fabric had a monarch feel so it would serve as the butterfly representation since I was
more focused on developing a pair of spandex of shorts (See Figs. 35&36). I made a classic cut
sports bra as my primary focus for this design was developing a prototype for shorts (See Fig.
37&38). This proved to be informative with sizing and structure and will certainly guide many
decisions I make moving forward with the development of this product.

Fig. 37 Design

Fig. 35 Purple Fabric

Fig. 36 Shorts

Fig. 38 Sports Bra
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I did do one more design for Aubrey as I was still wanted to explore cuts that did not
have a brief in them. Since this was an additional leotard I was not assigned I did not choose to
focus on the butterfly theme as I was focused on the construction of the leotard. I felt it was
important to continue to explore construction since there had been issues with the previous fit of
some of my pieces. Since this was a last minute design that was not part of my thesis assignment,
I did not include the butterfly motif and went with an asymmetrical leotard as this would help
with the lack of a full brief design. After researching images I quickly developed a design (See
Figs. 39&40). I gave the leotard an asymmetrical brief front with a solid back, so it was slightly
different than the Plum leotard concept (See Fig. 41). This style allowed me to experiment with
the construction without a naturally occurring brief in the design.

Fig. 39 Asymmetrical Research

Fig. 40 Asymmetrical Research

Fig. 41 Design concept
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Sydney
For Sydney’s transformative piece I saw a video on Instagram of a Russian ice skater and
I was intrigued with the concept (See Fig. 42&43). I then watched one video on YouTube of
transforming ice skating costumes as I was not sure how to construct it. This video was basically
a montage of ice skaters in transforming costumes, nothing more. A professor suggested I look at
Chitons to get some ideas for the transforming aspect. A quick google search led me to an image
and I immediately knew what I wanted to do (See Fig. 44). The only other issue I had was how
to make it transform. I reached out to my aunt and she suggested magnets at which point I
ordered some off of Amazon. For the butterfly connection I designed a skirt with butterfly wings
that I would later airbrush to look like a monarch butterfly. For this piece the butterfly
connection was in the form of the monarch airbrushed wings on the skirt which is later expanded
on in my section on fabric dyeing.

Fig. 42 Russian Ice Skater

Fig. 44 Greek Chiton Research

Fig. 43 Transformative Design
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Fabric Dyeing, Mock-ups, and Builds
Fabric Dyeing

I purchased two digitally printed fabrics one pink based (See Fig. 45), the other blue
(See Fig. 46) based both with a marble inspired print.

Fig. 45 Pink Marble Fabric

Fig. 46 Blue Marble Fabric

The blue was actually printed on neoprene. This is a fabric that is used for scuba diving. Since
neoprene is a thicker fabric it may offer helpful properties such as warmth and being waterproof.
I have never seen a gymnasts or dancer wear this fabric, but I was curious about the possibility of
it working as it has a four-way stretch. It is much thicker than a standard four-way spandex. I
found the blue and teals dyed quite successfully on a white four-way stretch spandex, while the
pinks involved a bit more experimentation. For the first pink dye batch I used half a bottle of
rose quartz Rit dye. I quickly discovered that was entirely too dark. The second attempt included
only a cap full of dye and I found that to be almost enough. With one more cycle in the washer I
used one full lid full of dye and the added an additional half lid of dye which resulted in a match
to my digitally printed pink fabric. I dyed the purple fabric stove top using Dharma Trading
Company’s Acid dye and after mixing the dye in a vat I added the damp spandex. Upon initial
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inspection it did not appear there was enough purple saturation on the fabric, so I added more
powdered dye but that did not mix very well because the fabric was already immersed in the vat
of dye. Ultimately it did create a beautiful effect on the spandex (See Fig. 47).
I thought it actually came out too dark to match the lighter color
scheme I had selected, but I was encouraged to use this fabric, though I
only had a small amount of it. I had ordered some gold fabric that I
thought would pair well with the purple and provide a pop of brightness,
but it did not arrive in time. It was suggested that I try fabric paint and this
immediately made me nervous as fabric paint is not a textile of choice for
artistic gymnastics, though there are rhythmic leotards that are airbrushed, but

Fig. 47 Dyed Purple Fabric

that is also a completely different style of leotard. In both artistic and rhythmic
gymnastics there are rules regarding the cut, style, and make of the leotards which are sanctioned
by USAG, the governing organization for all competitive gymnastics programs. In order to
accomplish this task, I went to Hobby Lobby and purchased the fabric spray paint in the colors
chosen for the project. I also purchased puff paint and Gold Tulip Brand Fabric paint with a
sponge tip.
My first technique involved using a flower stencil of different leaves to create the illusion of
butterfly wings as well as a butterfly stencil. After trying the stencil technique there was no
visible pattern as the stencil did not produce a clear image. I could see the time it would take to
develop a pattern and due to a time crunch at this point in the semester I decided to try another
approach. I used the Tulip stipple sponge paint, paired with the dotted gold four way stretch I had
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purchased as one of my back-up fabrics. There was a black undertone on this gold fabric and
stippling it with the gold softened the tone allowing for a better match with the purple fabric (See
Fig. 48).
I had chosen a racerback for this piece as I felt the cut of the straps were
reminiscent of butterfly wings. Between systematically laying out the pattern
pieces to conserve paint and the actual process of painting it took close to four
hours to complete the fabric for the racer back trim. This led to the rationing of
paint in order to complete the project. Never having done this type of project I

Fig. 48 Painted
Gold Fabric

purchased all of the paint available from Hobby Lobby and I was not sure if
more would be delivered in time if need be.
For the sleeves I used a white mesh with silver sparkles. For another leotard I was
successfully able to dye it to match a light pink piece I was working on, but was less successful
with the purple dye. Again, my advisor suggested that I paint it to achieve the desired color. I
took some purple Tulip fabric paint and diluted it with water and used a loofa sponge to create a
cloudy effect on the fabric (See Fig. 49). I then flat lined this fabric over a white spandex that I
had light purple.

Fig. 49 Painted Purple Fabric
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Mock Ups and Builds
Going into my last year of graduate school I wanted to take pattern drafting and Dr.
Uriyo agreed to an independent study. The study quickly became consumed with just patterning
the leotards and developing a prototype. We started with a basic body block and after that, I did a
body block for each of the models for the leotard designs. The body block is just the basic body
measurements that follows the body shape but does not contour to the body creating the best
starting point for future patterning ideas. I decided to capitalize with my experience working
with some former gymnasts as models for this project. I obtained the models’ measurements
from their mothers and they included the waist, chest, bust, hips, and torso measurements and the
sizes ranged from a child size six X to a missy size eight. From there, Dr. Uriyo and I examined
the results to see if we were able to use the measurements provided in my textbook Pattern
Making for Fashion Design. With my model Gaby, we were able to use a missy size eight, but
the other girls were too small and would require a full set of measurements. I drafted Gaby’s
body block and could immediately see that I had messed up, so in my next class Dr. Uriyo and I
redrafted the block.
At Gaby’s first fitting I knew I had done something wrong in my
drafting (See Fig. 50). Instead of examining what went wrong in the drafting
process Dr. Uriyo stated it would just be quicker to redraft the body block
together. During Gaby’s next fitting I noticed a similar issue I had during one
of Callie’s fittings with the darts being excessively wide. I decided to do what
Dr. Uriyo had taught me when I fixed Callie’s body block and take the excess
Fig. 50 Gaby Body Block
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fabric from the center front. At this point I felt confident to move forward with her leotard mockup.
I then moved on to drafting the leotard mock-ups. It was suggested I use the leotard block
with sleeves in case at any point I decided to make a change to a design. This change would
allow for the easy removal of the sleeves leaving me with a tank style leotard. It was early
October 2021 at this point and I still felt I was on track with creating my designs and completing
the fittings to move forward with the final designs. Though I did have to alter the neckline in
Gaby’s mock-up from a V-shape to a scoop neck (See Fig. 51. The leotard for Gaby’s final fitting
went well and I moved onto creating the final piece (See Fig. 52).

Fig. 51 Leotard Mock-up

Fig. 52 Final Leotard Mock-up

During Gaby’s fitting it was discovered that because of all the paint that was used on the
design, the fabric lost a significant amount of stretch. Also because of a lack of fabric I did not
realize I laid the sleeves on the least stretchy side of the fabric, though the sleeves did fit better
than the rest of the leotard. I also noticed the crotch was significantly tighter than during the
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mock-up fitting. To create the crotch portion, I removed the decorative layer of fabric from a pair
of Ruby Love underwear and replaced it with the dyed purple spandex. I used the internal
components of Ruby Love as the absorbent part of my leotard, as it had been decided earlier in
the process these would be initial prototypes using parts from other brands to see how I needed
to move forward with this design. During the final construction I serged the
elastic into the leg holes and then twin stitched the elastic down as I had always
done in the previous fittings. The main issue was that the fabric lost all of its
stretch due to the fabric paint. With the help of her mother I was able to
shimmy her into the leotard, but ultimately it did not fit (See Fig. 53).
During Elizabeth’s first fitting I once again I marked the alterations and
photographed the model to share with Dr. Uriyo (See Fig. 54). It was decided I

Fig 53 Gaby Final Fitting

needed to measure Elizabeth myself and I redrafted her body block as well and that resulted in a
much more successful fitting (See Fig. 55) and then moved forward to drafting her leotard (See
Fig. 56). Her leotard fitting went well as did the fitting for her final design (See Fig. 57).

Fig. 54 Elizabeth
Body Block

Fig. 55
Elizabeth
Second Body
Block

Fig. 56 Elizabeth
Leotard Mock-up

Fig 57 Elizabeth Final
Leotard Mock-up
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I was not present for Elizabeth’s final fitting and I had to leave her leotard on the doorstep with
instructions to take pictures and send them to me. It was now December 2021 and both Elizabeth
and her sister had gymnastics meets and dance recitals throughout the month as well as holiday
commitments with family and were unable to attend a formal fitting. I had to alter the design of
the skirt because I did not have enough organza to wrap all the way around as I had wanted in the
original design. I was also I was quite dissatisfied with the method I used to attach the skirt as I
simply gathered the dyed organza and then zigzag stitched it to the briefs. Unfortunately, I felt
the leotard looked homemade (See Fig. 58). Realizing these were the
initial prototypes using other peoples inserted products, I still had the hope
that future leotards would not look as bad as this one did when I completed
the prototypes. Being able to envision the finished product made it easier
to move forward to the next semester and make the necessary corrections.
After Callie’s first fitting I brought the mock-up and photos to my
meeting with Dr. Uriyo (See Fig. 59). After reviewing Callie’s photos from

Fig. 58 Elizabeth
Final Leotard Fitting

her fitting in class, we decided it would be best if I remeasure Callie
myself. After remeasuring Callie, I began drafting and I noticed some of
measurements were larger than Gaby’s. Since Gaby is the larger of the
three, I realized I need to halve the measurements and went onto complete
Callie’s body block. I could see the pattern was still too large and brought

Fig. 59 Callie Mock-up

it to Dr. Uriyo and she decided we would draft it together. We used a mixture of Callie’s
measurements as well as the measurements from the book and then added an inch of seam
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allowance to make sure it would fit. I ended up with an excessive width of bust darts at the next
fitting. Dr. Uriyo examined my work and decided to have me take all the excess from the center
front because there was really no bust to dart. It was also something I would later apply to one of
Gabby’s fittings. Upon showing Dr. Uriyo the photos from the next fitting she was pleased and
said I could move forward with the leotard mock-up for Callie (See Fig. 60). During Callie’s
leotard fitting she did require slightly more fabric in the back neckline (See Fig. 61), but
otherwise I moved forward with her design as well (See Figs. 62).

Fig. 60 Callie Mock-up

Fig. 61 Leotard Mock-up

Fig. 62 Final Leotard
Mock-up

Callie’s fitting was the moment that took my breath away as she looked stunning in her
outfit. When she walked out in her leotard, I could not stop commenting on how pretty she
was. There were alterations that needed to be made, but they were minimal. Her sleeves were
slightly too big at the base, there was a small part in the back that needed to be taken in and the
leg holes could be raised the slightest bit. After taking her photos all that was left to do was
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submit my final project and move forward with the remaining
seven leotards in the spring (See Fig. 63).
In the spring 2022 I began construction of the final seven
leotards that remained. Callie’s next two designs came together
quite easily using her original leotard block. Both were two pieces
with sports bra style tops, one having brief bottoms and the other
shorts as I wanted to experiment with absorbent shorts (See Figs.
64&65).
Fig. 63 Callie Final Fitting
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Fig. 64 Callie
Mock-up Fitting

Fig. 65 Callie
Mock-up Fitting
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During the mockup both tops fit correctly though both bottoms required some alterations. Since
both pieces seemed to only need minor alterations I decided to move forward
with the final design, knowing I had plenty of fabric if I had to correct
something. Her next fitting I noticed the marble top was too big in the shoulder
seams and the briefs needed to be taken in on the side seams (See Fig. 66).
I was unable to fit the remaining mock-up and two finished designs on
Callie as she and her sister who were both models in this project and had moved
out of state. I decided to use some of my current dancers who were similar in

Fig 66 Callie
Fitting

size since my focus in this thesis project was to design a period product not
custom leotards for specific athletes. Unfortunately my current dance studio is significantly
smaller so I had less children to choose from.
For Callie’s nineties inspired butterfly top and brief set I used an athlete named Rowan
(See Fig.67). Though the pink chiffon skirt was a bit short for Rowan and I did have to pin the
straps on the back of the top back because they were a bit too large
as well. The briefs were snug yet easy enough to get on, which I
believe is because they were made with the modal fabric. I feel the
modal fabric will be crucial moving forward in this product
development.
I also had Rowan try on a dance piece that consisted of the
velvet shorts and satin skirt with the asymmetrical top. I ended up
cutting the skirt that draped in the front and the back because the

Fig 67 Rowan Fitting
of Callie’s Final
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satin fabric that arrived was too different in color from the stretch velvet. This was not an issue
for me as I was focused on the construction of the shorts using a velvet fabric and these pieces
will not be used in any actual performance. These shorts were constructed using a Hobby Lobby
knit fabric as I ran out of the modal fabric. She was unable to get the shorts on but was able to
get the top on. The Hobby Lobby knit fabric is significantly thicker than the modal fabric, so that
may have contributed to the shorts not fitting correctly. The shorts Callie wore in her fitting were
made with a single layer of spandex and these shorts have four layers, one being the stretch
velvet, another being the mattress protector and the final two layers being the Hobby Lobby
brand knit. For the waistband I used one and quarter inch elastic and in retrospect I think half an
inch or a full inch would have worked better as the waistband seemed to lack a structured shape
(See Fig. 68).
Aubrey was another one of the models I
asked to be in this project. Like Elizabeth, Aubrey
has a smaller frame, so her body block came
together quite easily and required no alterations
(See Fig. 69). Like I did with some of the other
models I did remove a significant portion from the
center front, but was quickly able to move on with
patterning the leotard block. In Aubrey’s next fitting
the only problem I encountered was her sleeves being too

Fig. 68 Callie Velvet Shorts
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small, which required me to add some more fabric and I raised the neckline slightly (See Fig.
70).

Fig. 69 Aubrey Body Block

Fig. 70 Aubrey Leotard
Mock-up Fitting

I was quickly able to develop the next two of Aubrey’s designs, both of which were dance
pieces. The first one had a center front cutout as well as a back cutout. In this design I decided to
use a cutout as I have observed it to be a popular design among gymnasts and
dancers in gyms and studios I have worked at in Texas, California, and West
Virginia. From a more practical stand point designing with cutouts would
allow me to easily create a brief cut bottom which made it easier to add the
absorbing fabric layers. I did have to do a couple fittings with this piece as
the back cutout needed some extra fabric as it extended too far into the side
seams (See Fig. 71). After that fitting I was able to move forward with the
construction of the final piece. Though this piece does not have specific

Fig. 71 Aubrey Leotard
Mock-up
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butterfly detail, for me the floral skirt was what was butterfly inspired as I often associate
butterflies and flowers.
For Aubrey’s second piece, the first mock up went well, but I did notice the front neckline
needed to be raised (See Fig. 72). At her second fitting the neck line was fine, but for some
reason the side seam was now off (See Fig. 73). I marked the correct side seam, but was
apprehensive about moving forward. I was instructed to follow my marking so I redrafted the
pattern and moved forward with the final design, but as fabric was scarce and funds were quickly
depleting, I decided it would be best to do one more fitting. The design fit nicely and I moved
forward with the final construction.

Fig. 72 Aubrey
Asymmetrical
Leotard Mockup

Fig. 73 Aubrey Asymmetrical
Leotard Fitting
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Again, I used the spandex that I dyed with the Rose Quartz pink for the briefs, a pink
four-way stretch sequin for the top and a pink chiffon for the flowy overlay to give the idea of
butterfly wings soaring. Aubrey was the other sibling that moved during this project and like her
sister I was unable to try her last mock up on as well as her other final designs.
Aubrey’s last mockup was the shorts and sports bra set to be constructed in the dyed
purple fabric (See Fig. 74). My student Bella was able to get the shorts on though I could see
they were quite snug, and for these shorts I used the Hobby Lobby knit (See Fig. 75). I think it is
worth noting Bella and Aubrey are younger and smaller than both Callie and Rowan who are
older and starting to develop a more shapely figure. Again, I had a similar issue with the waist
band seeming excessively large and wondered if a larger elastic would have solved this issue.
This is something I noticed over the years when I made leotards, but they always seem to fit just
fine, they just have the appearance of not being quite right when not on a body. I know that an
industrial cover stitch machine is used for professional construction as well as wooly nylon
thread and I wonder if those two factors contribute to the cleaner shaping you find in commercial
grade products.

Fig. 74 Aubrey
Shorts
Mock-up

Fig 75. Bella
Fitting of
Aubrey’s Shorts
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For the pink sparkle piece with the chiffon overlay, Bella stated that it was really
comfortable (See Fig. 76). It did not seem as snug though her mother had to help her into the
leotard, but this design was made with modal jersey knit fabric. I wish the chiffon overlay had
been fuller, but since I was unable to do a fitting with Aubrey, I finished
the piece as best I could. This design also had an additional layer of
pink spandex in the briefs because I was concerned the lining and
possibly the modal fabric would show through as I have experienced
issues in the past with spandex being too sheer. I also chose to line the
sparkle spandex on the top with the pink spandex to reduce itching and
scratching.
The last of Aubrey’s designs that Bella modeled was the floral

Fig. 76 Bella Final
Fitting of Aubrey’s
Pink Sparkle Leotard

skirt leotard (See Figs. 77 & 78). The brief was constructed with the
Hobby Lobby knit and resulted in a bulky side seam. I attempted to redo the side seam by laying
the seams a different directions, but ultimately it was still too bulky. I would not have been
overly concerned if it was for a dance production as the skirt hides it, but for a period leotard
construction it was disconcerting.

Fig. 77 Bella Final
Fitting of in Aubrey’s
Floral Design

Fig. 78 Back
view of Fig 76.
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The extra leotard that I designed was inspired by asymmetrical leotards as I again wanted
to experiment with a cut that did not have a brief base built into the design. I used Aubrey’s body
block to create this leotard (See Fig. 79) and once again the neckline seemed slightly off when
not on the body (See Fig. 80). I created a semi angled brief in the front that stopped at the gold
strip of fabric using my period prototype design. For the back I made a brief insert that I stitched
to the back side of the fabric before joining the leotard.

Fig. 79 Aubrey
Asymmetrical
Mock-up

Fig 80 Bella Final
Fitting of Aubrey’s
Asymmetrical Leotard

The transforming dance piece I created was inspired by a transforming costume that I
have seen used by professional ice skaters, one in particular being Anna Shcherbakova. I did find
a video on YouTube that showcased multiple ice skaters wearing transforming costumes, so this
may be a concept popular among ice skaters, but since that is not my target demographic at this
time I did not pursue the concept any further as I knew what I wanted to do with the piece. Since
my theme was butterfly inspired, I wanted to create the transforming skirt to reflect butterfly
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wings. During this time, I was taking a draping class and for my midterm and decided to drape
the empire bodice, though I did create a body block so I could create the bottom of the leotard
(See Fig. 81). I also drafted three different size butterfly wings to attach to the skirt. (See Fig.
82). Once I drafted the empire portion of the bodice I then attached the bottom portion of the
leotard. The first fitting went well and I was able to move on with the textile work for the fabric.

Fig. 81 Sydney
Transforming Mock-up

Fig. 82 Draping of
Sydney’s
Transforming Piece
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For the leotard and transforming skirt, I used a white spandex that I dyed with Rit Rose
Quartz dye in the washing machine. I layered the skirt on top of the leotard and the pink seemed
more vibrant than the leotard, but it would still work.(See Fig. 83). For the sparkle overlay I used
a white sequin four-way stretch fabric, but once I flat lined it with the pink spandex it created a
pink hue to the fabric (See. Fig 84).

Fig 83 Sydney’s Pink
Transforming Skirt
and Chiton

Fig. 84 Sydney’s
Transforming Sparkle Top

To create the wings I used a white satin that I airbrushed pink with some white overtones.
I had never airbrushed before so there was a learning curve. I had originally wanted to create a
monarch style outline in black with pink coloring, but decided the black was too harsh (See Fig.
85). Instead, I applied a base coat of pink and
allowed the fabric to dry before going in with more
pink layers allowing for some areas to have a
heavier concentration of paint. I then added
airbrushed white paint as well as lighter shades of
pink to help achieve the marble affect (See Fig.86).
Fig. 85 Airbrushing
Samples

Fig. 86
Airbrushed
Butterfly Skirt
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In an attempt to reduce bulk, I decided to add a decorative ribbon which allowed for a
third style of transformation if the dancer choose not to use the wings. I had to secure it in place
with hooks and eyes as the weight was too much for the ribbon alone. I had
to airbrush a white ribbon as I could not find a pink ribbon that matched
both the empire top and the skirt (See Fig. 87).
For the skirt I used the two layers of the pink Rose Quartz fabric I
dyed, bag lined the pieces and then inserted magnets at the bottom corners
of the side seams and zig zag stitched them in place. This was quite tricky
because in order to ensure the pieces were in place, I needed a particular

Fig. 87 Airbrushed
Ribbon Belt

magnetic side up otherwise the magnet would stick to my machine. This
meant that I was stitching blindly as I could not see the plastic encasement on the magnet. I
proceeded to attach the transforming style Chiton skirt between the empire seam that connected
the bottom and top of the leotard (See Figs. 88&89). Lastly I attached the butterfly wing skirt
with the hooks and eyes and tied the ribbon in the back (See Figs. 90&91).

Fig. 88 Sydney Chiton
Transformative Look

Fig. 89 Look Two Sydney
Transformative Piece

Fig. 90 Look Three Sydney
Transformative Look

Fig. 91 Look Four Sydney
Transformative Piece

Conclusion
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During the development of my thesis project, I ran into several situations that made this
project unsuccessful. There were several factors that interfered with this project related to time,
money, lack of development of a successful prototype, models moving and the use of fabrics that
were not conducive to the design concept. As this project concludes in its initial stages of
development, I am filled with regret and the thought that my thesis project could have been more
successful by advocating for designing and developing successful prototypes instead of simply
designing ten period leotards with an unsuccessful prototype.
The lack of developing a prototype appears to be the biggest obstacle for my product
design. I was assigned the task of developing ten period leotards for this project and as a result I
was not able to produce multiple prototypes that I could experiment with using different fabrics
to measure the absorption rate as well as the stretch and movement of the fabric. These factors
appeared to set me up for failure as the majority of my focus and funds went into creating these
assigned leotards. I believe had the emphasis been placed on developing a prototypes, funds
could have been better spent on experimenting with different polyurethane fabrics and knits as
well as textile composition testing. Instead, emphasis was placed on the designing and dyeing
fabrics. A textile analysis will not only help me determine what fabrics to consider in designing
future prototypes, but it will also be advantageous in sourcing fabrics for manufacturing at a later
date. Moving forward with this design concept I believe it is important to produce a prototype
that will allow for experimentation with various fabrics, absorption, different types of stitches
and also ensure flexibility of movement for the individual wearing the design.
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The second problem that I encountered is the fabric that I used in the production of my
leotards. For some pieces I had to use a fabric from Hobby Lobby as opposed to the black jersey
knit modal fabric which many name brand period companies use. Money was the primary factor
at the time and the fabric from Hobby Lobby was less expensive. Lesson learned, to produce the
proper attire you need to use the proper materials. Having the right jersey knit and polyurethane
fabric might have made a difference in the outcome of various aspects of the leotard design but
again not being able to test and retest different prototypes made it impossible to produce a
product that consumers would want to purchase. I had also hoped that I would be able to do a
textile composition test before completion of my thesis designs so I could better design a
prototype to put in the leotards. Though my prototype did not work I still used what I developed
in the product and that was immensely informative. Though some may question why I put an
unsuccessful prototype type in my leotards quite a bit of important information was learned
through that process about the sizing and fit of leotards. I now know that I need to invest in the
modal jersey knit fabric as the other knit I purchased was too thick and did not provide enough
stretch for the leotard. I also wonder if using a poly wool thread would have made a difference as
that is what most commercial brand leotards use. Though over the years I have made leotards and
dance costumes for clients without poly wool thread I believe that may be what helps create that
professional finish in the leotards. Unfortunately, the spools of thread can cost anywhere from
$10 to $15 a spool and machines require four spools per color.
I also discovered multiple layers of fabric did not stretch well and caused some of the
designs to not fit the models correctly. Related to this loss of stretch within the fabric, these
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leotards fit more like Spanx or tummy tuck underwear, which is not the concept I was hoping to
create for my line. One of my goals was to create a leotard that was comfortable but also
functional in its purpose. I was very disappointed that the fit was off due to the stretch because I
truly thought I had allowed for movement in the design of the leotard but apparently this was not
the case. This was a huge learning curve for me but an issue that can be corrected by using
different fabrics as well as sizer models to achieve the right stretch and fit. With that information,
I hope to develop a better prototype for leotards that are not necessarily designed with a brief cut
and workout shorts that are functional and fit well. I think a brief insert in the shorts would allow
for a better fit of the shorts and could be more cost effective as it would require less fabric in
production.
I also discovered that the lining on the period underwear I purchased was much thinner
than the material I was using from a mattress protecting sheet. I firmly believed that the idea
behind the use of the mattress protecting sheet would work because of the ability to keep the wet
layer from seeping through to mattresses. Moving forward I would like to experiment with other
materials such as sodium polyacrylate which is the absorbent component in diapers as well as
explore the possibility of using seaweed for absorption. A few weeks ago, at the International
Textile and Apparel Association a student was selected to present her development of a period
underwear using seaweed and with further research on this new product and material I think this
could be a possible means of creating a safe and absorbent prototype. I also believe it will be
important to continue to experiment with different polyurethane fabrics as well. Some of the
materials I choose did not allow for freedom of movement in the leotard design and I was very
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frustrated by this because independently the fabric is very moldable and appeared to have the
right amount of give when stretched, but once the materials were layered almost all stretch was
lost.
Another important factor in the design flaw could be from the research I conducted.
I was only able to obtain of portion the information I needed in regards to what fabric to use as
companies are not willing to release the information related to the success of their products. This
is why I feel the textile composition tests are so important. As a result of this I found that I had
more errors than anticipated but I also know that I'm quite willing to continue in my pursuit,
because I believe in what I'm trying to create.
With what I have learned from working on this project, I feel I can create the product I
want for my company but it will just take some more time as well as more experimenting with
materials to achieve my ultimate goal. I also feel I should have better advocated for what I
needed to be researched to be as opposed to simply designing multiple leotards to create the
same unsuccessful product. I feel there should have been more room for research and designing a
prototype given I was assigned ten period leotards to make. Though I did design and construct
eleven, they were all unsuccessful as I had to use the same failed prototype for each one. My first
goal in continuing this project is to create a prototype that I can improve on what works, but fix
what doesn't by focusing on one design with multiple prototypes as opposed to ten designs with
the same outcome. It was very disappointing to have this product fail for so many reasons but it
was an informative learning experience because I was able to discover what did not work. When
I begin to recreate these prototypes, I will know what materials to refrain from using as well as
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what tests need to be conducted to assure the flexibility and stretching of the fabric is right to
achieve the desired outcome.
Having spent most of my childhood and teen years training in gymnastics and
cheerleading I have first-hand experience in the challenges these young girls face everyday. I
truly believe the development of this product could help girls alleviate some of these worries that
make the sport they love so difficult. In the next year my hope is with more research and the
development of a successful prototype, I will be able to create a brand for young girls and
women that will build their confidence as the pursue their athletic goals.
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